BACKGROUND Pancreatic ductal adenocarcinoma is the most common pancreatic cancer. Five-year overall survival is currently 3.3-6.0%. The aim of this review was to evaluate the prognostic value of lymph node ratio, number of positive nodes and total nodes examined on overall survival rate following pancreatic resection. MATERIALS AND METHODS A literature search was conducted of MEDLINE, EMBASE, the Cochrane Library and Central Register of Controlled Trials and the Cochrane Database of Systematic Review databases, from January 1996 to January 2016. RESULTS Overall, 19 studies including 4,883 patients examined the relationship between lymph node ratio and overall survival. A high lymph node ratio was associated with decreased overall survival in 17 studies. A total of 12 studies examined the relationship between the number of positive nodes and overall survival, and 11 studies revealed that an increase in the number of positive nodes was associated with decreased overall survival. In 15 studies examining the relationship between the total nodes examined and overall survival, there was no association with overall survival in 12 studies. CONCLUSIONS Lymph node ratio and number of positive nodes are factors associated with overall survival in pancreatic ductal adenocarcinoma, but not total nodes examined.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the most common pancreatic cancer, with an incidence of 2.1% of all cancers. 1 PDAC is considered to have the worst survival rates of all gastrointestinal cancers; the average life expectancy on diagnosis is 4-6 months and the 5-year overall survival rate is 3.3% in the UK. Surgical resection combined with adjuvant therapy is considered for only 10-20% of patients at the time of presentation and has the potential to increase the overall survival to approximately 18 months. [2] [3] [4] [5] One prognostic factor for PDAC is the lymph node ratio, which is the ratio of the number of positive nodes to the number of total nodes examined. Lymph node ratio has been reported to be associated with prognosis in a variety of cancers, including oesophageal, gastric, colonic and breast. [6] [7] [8] [9] In 2004, Berger et al. examined the association of lymph node ratio and total nodes examined on survival in patients with PDAC and reported that only lymph node ratio had an impact on overall and disease-free survival. 10 Further studies were subsequently conducted on the prognostic role of lymph node ratio, lymph node ratio to delineate the most predictive marker of survival, but there was no consensus. Despite numerous studies since 1994, neither lymph node ratio nor number of positive nodes is included in the American Joint Committee on Cancer (AJCC) and Union for International Cancer Control's Tumour, Node, Metastasis staging system for pancreatic cancer, where the classic lymph node status (N0 vs. N1) is the only criterion available. This systematic review evaluates the currently available evidence regarding the prognostic value of lymph node ratio, number of positive nodes and total nodes examined in patients with PDAC and the potential association with overall survival.
Materials and Methods
This systematic review was performed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
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Search strategy
A literature search was conducted for all published studies between January 1996 and January 2016. There was no restriction on language or country. A broad search approach was carried out owing to the expected scarcity of randomised controlled trials, so randomised, non-randomised, prospective and retrospective studies were included if they met the inclusion criteria. Studies were identified by searching the following databases: MEDLINE (via PubMed), EMBASE (via OvidSP), the Cochrane Central Register of Controlled Trials, the Cochrane Database of Systematic Review. Searches were adapted to each database and carried out using the specific controlled vocabulary of each database, if available (MeSH terms for MEDLINE and Emtree terms for EMBASE), In addition to free text words. Searches included the words 'lymph node ratio', 'node status*', 'examined lymph nodes', 'metastatic lymph nodes', 'positive lymph nodes' or 'lymphadenectomy' and 'pancreatic cancer', 'pancreatic adenocarcinoma', 'pancreas*', 'tumour*', 'carcinoma*', 'pancreatectomy', 'Whipple's procedure', 'pancreaticoduodenectomy', 'distal pancreatectomy', 'pylorus preserved pancreaticoduodenectomy'.
All titles and abstracts of papers identified by the search strategy were screened for relevance. At this stage, only clearly non-relevant articles were excluded. Full copies of all potentially relevant papers were obtained and texts were screened to assess eligibility for inclusion. Reference lists of included studies were also screened for additional articles. Case reports and reviews were also gathered to screen their reference lists for additional relevant articles but were excluded from the qualitative analysis.
Inclusion and exclusion criteria
Articles analysing the influence of lymph node ratio, number of positive nodes and total nodes examined on overall survival following pancreatic resections (Whipple's procedure, distal pancreatectomy, pylorus-preserved pancreaticoduodenectomy, total pancreatectomy) for patients affected by PDAC within the past 20 years were included. Studies reporting data on ampullary cancer, duodenal carcinoma or cholangiocarcinoma and studies on PDAC without an analysis of the association between lymph node ratio, number of positive nodes, total nodes examined and overall survival were excluded. Reasons for exclusion were recorded.
Data collection and analysis of outcomes
Two authors (ME, GG) independently extracted information from included studies. Data regarding study design, number of patients, type of resections, nodal status, resection margin (R), lymph node ratio, number of positive nodes, total nodes examined and overall survival were collected if available and were summarised. Any discrepancies between the reviewers regarding the extraction of data were resolved by consensus. The primary outcome was the overall survival rate. The secondary outcome was lymph node ratio cut-off points associated with overall survival. Overall survival was calculated from the time of surgery. Kaplan-Meier survival curves were reviewed to confirm the impact on survival, especially if survival outcomes were not directly reported.
Assessment of risk of bias
The studies were assessed using the Cochrane Collaboration's tool for assessing risk of bias in randomised and non-randomised trials. 12 
Statistical analysis
All data were entered into an Microsoft Excel® database. Patients were categorised either as 'dead' or 'alive' (categorical variables) and the descriptive statistics were elaborated upon in terms of occurrence rate and relative frequencies. The software package Review Manager (RevMan 5.3; Nordic Cochrane Centre, Cochrane Collaboration) was used for data analysis and synthesis. When articles with missing data relevant to the outcomes were found, these were excluded from the analysis. Results were considered significant if the probability of chance of occurrence was less than five percent (P < 0.05). Full-text articles assessed for eligibility (n = 31)
Records screened (n = 57)
Records after duplicates and irrelevants removed (n = 57)
Records identified through PubMed, EMBASE and other sources searching (n = 828)
Records excluded (n = 26) reviews, abstracts, letters to editor and benign disease 
Characteristics of the included studies
Nineteen studies comprising 4,883 patients who underwent pancreatic resections for PDAC were included. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] There were 5 prospective studies, 1 randomised controlled trial and 13 retrospective studies (Table 1 ). All included studies analysed survival using the Kaplan-Meier method, defining an event as the death of a patient and overall survival from the time elapsed from surgery to death. Univariate analysis of all variables related to overall survival was performed with the log rank test while multivariate analysis was calculated using Cox proportional hazard model. Whipple's pancreaticoduodenectomy was the most common procedure (n = 2408; 49%), followed by pylorus-preserving pancreaticoduodenectomy (n = 1620; 33%), distal pancreatectomy (n = 278; 6%) and total pancreatectomy (n = 48; 1%). Nodenegative disease (N0) was observed in 1,527 patients (31%) and node-positive disease was observed in 3,094 patients (63%). The surgical resection margin was microscopically negative (R0) in 2,653 patients (54%) and was microscopically positive (R1) in 1,535 patients (31%). Only four studies did not report the nodal and R status. 28, [30] [31] [32] Adjuvant therapy (chemoradiotherapy) data were available in 10 studies that included 1,739 patients (36%), 13, 14, 19, [21] [22] [23] 26, [28] [29] [30] and data on neoadjuvant therapy were available in only two studies.
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Risk of bias in the included studies
The risk of bias is presented in Fig 2. Studies were classified as low risk, unclear risk or high risk of bias.
Lymph node ratio association with overall survival
A total of 19 studies stratified the lymph node ratio into subgroups based on cut-off values identified through sensitivity analyses (Table 2) . [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Association between these subgroups and overall survival was investigated and presented using Kaplan-Meier curves. A high lymph node ratio was associated with decreased overall survival in 17 studies, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] [28] 30, 31 and no association was found in two studies. 23, 29 Lymph node ratio was significantly associated with overall survival in most studies.
Number of positive nodes association with overall survival
Twelve studies examined the relationship between the number of positive nodes and overall survival ( showed no association with overall survival. 19 Number of positive nodes was significantly associated with overall survival in most studies. The association of total nodes examined with overall survival
Fifteen studies examined the relationship between total nodes examined and overall survival (Table 2 ).
14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [28] [29] [30] [31] Total nodes examined was not linked with overall survival in 12 studies. 14, [16] [17] [18] [20] [21] [22] [23] [24] [25] 30, 31 Only three studies showed that an increase in total nodes examined was associated with improved overall survival. 19, 28, 29 Total nodes examined was not associated with overall survival in most studies.
Discussion
This systematic review evaluated the association between three lymph node parameters (ratio, number of positive nodes and total nodes examined) with overall survival through the analysis of 18 observational studies and one randomised controlled trial involving 4,883 patients affected by PDAC. Only studies that reported data over the past 20 years were included, to minimise confounding due to changes in the surgical and non-surgical management of PDAC. Evidence demonstrated that there is a negative association between overall survival and lymph node ratio in N1 patients, and where different cut-off values were investigated, a ratio greater than 20% was frequently associated with poor overall survival in numerous studies. Similar results for lymph node ratio were also noted in other malignancies, such as gastric, oesophageal and colorectal cancers, [33] [34] [35] where it is a well-established independent prognostic factor for overall survival. 33 A systematic review by Ceelen et al. on lymph node ratio in stage III colorectal cancer confirmed a hazard ratio for overall survival of 2.36 (95% confidence interval 2.14-2.61). In this review, lymph node ratio appeared to be superior to total nodes examined and number of positive nodes as a predictor of survival. 36 The number of positive nodes has been shown to be an independent prognostic factor for overall survival in PDAC and it was superior to lymph node ratio as a prognostic marker for survival in two studies. 23, 29 One particular study by Murakami et al. (2010) 23 found that the number of positive nodes is a stronger prognostic element than lymph node ratio following pancreaticoduodenectomy. The study was retrospective and included 119 patients. 23 The other study was by Strobel et al. (2014) , 29 who reported on 811 patients and found that the number of positive nodes and lymph node ratio were significantly correlated with overall survival on univariate analysis in N1 patients. However, on multivariate analysis, only number of positive nodes remained an independent prognostic factor of survival. 29 In this retrospective single-centre analysis, the authors noted that an increase in the total number of nodes examined was associated with an increase in the number of positive nodes. Nevertheless, the number of patients with higher lymph node ratio decreased, even though more positive lymph nodes were identified. They concluded that the inverse tendency of number of positive nodes and lymph node ratio reflects an underestimation of the extent of lymph node involvement by ratio when the total number of nodes examined increases. This might explain why number of positive nodes was shown to be a superior prognostic factor. 29 Number of positive nodes is a factor dependent on the total number of nodes examined, as the minimum number of nodes examined for an adequate and reliable staging is 15, according to the Royal College of Pathologists, and 12 according to the AJCC TNM classification 7th edition. 37, 38 The total nodes examined is affected by the extent of the lymph node dissection, the surgeon's experience, the location of the tumour and the quality of the pathological examination. All these variables have the potential to impact the identification of nodes (total examined) and consequently the finding of nodes involved by PDAC (number of positive nodes). They all therefore influence any eventual association of number of positive nodes and total number examined with overall survival. The median number examined varied among the included studies, but in most studies no association was found with overall survival in N1 patients ( Table 2 ).
To the best of the authors' knowledge, this review is the first to analyse these lymph node parameters and their associations with overall survival in PDAC. A formal meta-analysis was not possible because of the heterogeneity between studies, due to the various clinical, surgical and pathological factors. The current systematic review has also limitations, as it was based predominantly on retrospective studies with variable risk of bias. Furthermore, examining the influence of neoadjuvant therapy on lymph node ratio, number of positive nodes and total number examined was not possible, as only two studies reported these data.
The findings of this review may help to improve the TNM staging system for pancreatic cancer, which currently depends on lymph node status, either positive or negative, to stratify the N stage. Considering the poor outcome following pancreatic resections, this will identify a subgroup of patients with reduced survival. In addition, it will help to inform the decision to employ adjuvant treatments.
Conclusion
The currently available data suggest that lymph node ration and number of positive nodes but not total number examined are factors associated with overall survival in PDAC. Further large randomised controlled trials are required to confirm these findings.
